Changes in cardiac size, as measured by teleroentgenogram, in the course of essential 1hy!peitension were studied in 45 patients. Although the majority showed progressive cardiac enlargement from the discovery of hypertension, a goodly number revealed a stationary cardiac size for 10 or more years. Congestive heart failure was found to occur with normal heart measurements. Weight loss did not affect a reduction in cardiac size. Normal cardiac measurements for a decade or more were not unusual. Marked cardiac enlargement was present in several patients for 10 years with little functional limitation. Prognosis on the basis of cardiac size alone was unwarranted.
T HIS study is primarily concerned with the changes in the size of the heart occurring ill the course of essential hypertension. Factors such as congestive heart failure, myocardial infarction, degree and duration of hypertension and loss of body weight are evaluated in relation to the size of the heart.
MATERIAL AND METHOD
Patients were chosen from the files of the Adult Cardiac Clinic, Third (New York University) Medical Division of Bellevue Hospital. All had essential hypertension, that is, persistent elevation of the diastolic pressure above 90 mm. Hg with no demonstrable cause. No other cause for heart disease was present except arteriosclerosis, which was considered a complicating factor. All patients were observed for five years or more and all had an adequate number of teleroentgenograms taken over this same period. A total of 45 patients fulfilled these criteria.
This group of 45 patients was arbitrarily divided into three categories depending upon the level of the blood pressure. Those patients with diastolic readings persistently between 90 mm. Hg and 120 mm. Hg were called "moderate" and those with diastolic readings higher than 120 mm. Hg were considered "marked" hypertensives. Those patients who displayed levels that varied considerably in the hypertensive range, as defined, were called "labile."
For the sake of simplicity, cardiac mensuration was confined to determination of the maximum transverse diameter of the cardiac silhouette in the posteroanterior projection. The per cent deviation from the normal was obtained by comparing the maximum transverse diameter with the predicted were considered abnormal; hearts with transverse diameters between 11 and 15 per cent above piedicted values were called "moderately enlarged," those above 15 per cent were considered "markedly enlarged." In five patients the weight and height were not obtainable from the charts and the cardiothoracic ratio was substituted as a measurement with complete realization of its limitations. A ratio of more than 1:2 was considered abnormal. Variations due to differences in phase of respiration were checked by the level of the diaphragm.
An obvious limitation in a study such as this is the inability to state exactly that enlargement is present in some borderline x-ray films. Some teleroentgenograms with normal measurements gave the impression of enlargement because of the configuration of the heart; whenever possible this was checked by fluoroscopy and the decision regarding enlargement was made on the basis of the latter finding. Particular attention was paid to the progressive changes in the patient's own series of x-ray films and occasionally enlargement definitely took place even though the percentage of deviation from the predicted value remained within normal limits.
RESULTS
1. Sex and Age. Of the 45 patients studied, 2.5 were females and 20 males with ages ranging from 29 to 66 years at the time of first observation.
2. Period of Observation. When grouped into five year periods the following tabulation was obtained:
Observation for 5 to 9 years 18 patients 10 to 14 
H-High (diastolic higher than 120 mm Hg). L-Labile. M-Moderate (diastolic pressure 90 to 120 mm. Hg). tion: The relationship of the size of the heart to the duration of hypertension from its discovery may be observed in table 1 . In the absence of any previous record of hypertension at this hospital or in any other institution, the date of discovery of hypertension was taken from the time of first observation at our clinic. The duration of hypertension was undoubtedly longer than the period of observation since all but two of the patients had hypertension when first seen.
Eleven of the 45 patients had normal cardiac measurements throughout observation covering a period of 5 to 20 years (table 1). Seven of these patients were observed between 10 and 20 years, and four were observed for 5 to 10 years. Of those patients showing enlargement sometime during the course of this observation, 18 had normal measurements when hypertension was discovered and the measure-16 ments remained normal for 1 to 20 years subsequently. Six of these 18 had normal measurements from 5 to 10 years; six had normal measurements for more than 10 years. Of the total of 45 patients, 10 had normal measurements for 5 to 10 years of observation, and 13 had normal measurements for more than 10 years of observation.
b. Congestive Heart Failure: Fourteen patients were in congestive heart failure at some time during observation. Five of these 14 patients had normal heart measurements prior to and following congestive heart failure; in three the heart measurements were normal for one to four years afterward. Nine of the 14 had enlargement at the time failure first appeared and six of these showed subsequent progressive enlargement. c. Myocardial Infarction: Six of the 45 patients had myocardial infarction at some time during the period of observation. Two had normal heart measurements at the time of infarction and both maintained normal measurements for three years thereafter. Three had definite enlargement at the time of myocardial infarction. One had slight enlargement after infarction but there was no knowledge of his previous status.
d. Weight Loss: Table 2 summarizes the pertinent data. In seven patients the transverse diameter remained constant or decreased as much as 2.4 cm., but six of these had a probably insignificant change of 1 cm. or less. The weight loss in these seven patients occurred over a period of one to eight years with the minimum loss being 20 pounds. With a comparable loss of weight, five patients had an increase of transverse diameter between 1.0 cm. and 3.0 cm. over a period of 5 to 14 years. Complicating factors, such as congestive heart failure, myocardial infarction or auricular fibrillation did not occur during the period of weight loss. 
DIscussIoN
According to some investigators2 the measurement of the transverse diameter of the heart, when used in conjunction with prediction tables based on height and weight, yields an index which is probably the simplest and subject to the fewest errors, provided a uniform technical procedure is used. In support of the radiographic method has been the finding of a mutual relationship when the anatomic and roentgenographic measurements were correlated.3 In1 our study single examinations were frequently found inconclusive as to the presence or absence of cardiac enlargement. However, when x-ray films weere taken at intervals, a comparison revealed significant changes in size in many, indicating cardiac enlargement. The chief difficulty in using the measurement of the mean transverse diameter was the inability to distinguish between early left ventricular enlargement and a normal sized but transversely placed heart. Although the shape and configuration of the heart were helpful, recourse had to be made to fluoroscopy for the differentiation. When an over-all comparison was made between x-ray film measurement and fluoroscopy a 20 per cent variation was found, with fluoroscopy often indicating early left ventricular enlargement in the presence of normal x-ray film findings. As one would expect, the difficulty occurred chiefly in those patients with borderline measurements.
It must be realized that regardless of which procedure one uses for determining cardiac enlargement the criteria will be subject to criticism. This is true even for gross and microscopic anatomic measurements for the determination of muscle fiber hypertrophy. Clinical methods admittedly fail to determine the earliest stages of cardiac enlargement. For this reason, we have concerned ourselves chiefly with changes in the size of the heart by radiographic determination rather than with any statement regarding the size of the heart at a particular stage of hypertensive disease.
It is apparent from an analysis of the data (table 5) that the changes in the size of the heart in the course of hypertension do not fit any fixed pattern. Although the majority of hearts manifested progressive enlargement once the hypertensive process was discovered, there were a number of patients whose hearts remained unchanged in size for as long as 10 to 20 years after the discovery of hypertension. (table 6) . This occurred regardless of whether the heart was normal or enlarged at the time of first observation. On the other hand, some patients developed sudden enlargement sometime during the course of observation. Congestive heart failure and the onset of auricular fibrillation appeared to be associated with cardiac enlargement, although in other patients the precipitating factor could not be ascertained.
In agreement with the investigations of others4' this study failed to demonstrate a direct relationship between the size of the heart and the duration of hypertension. It was not unusual to find absence of cardiac enlargement even after long periods of sustained hypertension. Others6' 7 have also failed to find cardiac enlargement after prolonged hypertension in some patients. Although the series was small, it did appear that acute myocardial infarction might occasionally result in sudden cardiac enlargement, but no definite correlation between mvocardial infarction and the size of the heart could be made. It is of interest to note that congestive heart failure complicated by acute myocardial infarction may occur in the presence of a heart of normal size or with minimal enlargement.
Because of the small number of patients in the present series, no significance can be attributed to the percentage incidence of myo- Since, in this last mentioned study, muscle fiber hypertrophy was found, it would appear that the criteria for "cardiac enlargement" require further clarification both clinically and pathologically. The relatively small incidence of patients with congestive heart failure in this series, may be attributed to the fact that not all patients were followed to time of death. With regard to the effect of weight loss on cardiac size, a review of the data revealed that weight loss of 20 to 40 pounds did not result in a decrease of the transverse diameter of the heart. A recent clinical pathologic correlation reported by others6 tends to confirm this clinical finding. This observation is of particular interest since it differs from the findings in normotensive subjects under conditions of malnutri- 3 6 to 10 11 to 15 16 to 20 1 to 5 6 to 10 11 to 17 cardial infarction in the course of hypertensive heart disease. The true incidence would be extremely difficult to ascertain since many patients with hypertension, previously asymptomatic, may die with their initial myocardial infarct or may have subsequent normotensive readings and therefore not be recognized as having hypertensive disease.
With regard to the presence of congestive heart failure, there were normal heart measurements in five patients with or subsequent to heart failure. In some of these, the heart remained normal for as long as four years after congestive heart failure occurred. This would indicate that the presence of a normal sized heart by x-ray examination does not exclude the diagnosis of congestive heart failure. This conclusion is confirmed by pathologic evidence gathered by others who found hearts of normal weight in the presence of congestive heart fail-tion and semistarvation in which the heart has been found to decrease in size in line with the general loss of body weight.8 It would seem that the factor of hypertension tends to prevent the heart taking part in the general tissue loss which occurs in starvation.
It is difficult to evaluate the finding of cardiac enlargement in all of our patients who died.
The finding in 16 patients having hypertensive vascular disease with cardiac enlargement for more than 10 years is encouraging, but since this was a selected study, the significance of this finding may be limited. It does not militate against the statistical contention that essential hypertension is a serious disease curtailing the life span.
Caution has been stressed by others when evaluating prognosis in patients with hypertensive disease. Reliance on single measure-ments or on any single sign has been found unreliable. This study would also indicate that prognosis based upon the size of the heart alone is not possible. The finding of a long life span with marked cardiac enlargement and the presence of a normal size heart following congestive heart failure would indicate the unreliability of this factor in making a prognosis.
SUMMARY AND CONCLUSION 1. The changes in the size of the heart as measured by teleroentgenogram in the course of essential hypertension in 45 patients have been studied and the following conclusions reached: (a) From the discovery of hypertension the majority of patients (24) showed progressive cardiac enlargement regardless of the initial measurements. (b) In 18 patients the size of the heart remained stationary for as long as 10 years or more. (c) In three instances the heart manifested sudden enlargement sometime during the course of observation and continued to progress in size regardless of the initial measurements.
2. With regard to the effect of factors such as congestive heart failure, myocardial infarction, degree of hypertension and weight loss, the following facts were noted: (a) Congestive heart failure was found to occur with normal heart measurements. This was observed in 5 of 14 patients. (b) No uniform relationship could be established between the size of the heart and myocardial infarction, although in some patients myocardial infarction was followed by sudden cardiac enlargement. (c) Weight loss of 20 to 40 pounds did not affect a reduction in the size of the heart. d) No direct relationship could be established between the duration and the degree of hypertension and the size of the heart. The finding of normal cardiac measurements in the course of hypertension of a decade or more was not unusual. (e) Marked cardiac enlargement was present in four patients for 10 or more years with little functional limitation.
3. Prognosis on the basis of the size of the heart alone was found to be unwarranted. Cardiac size is only one facet in the clinical picture. The inclusion and evaluation of all factors is important in making a prognosis in essential hypertension.
